The events that led to the establishment of organic and biochemical mass spectrometry at MIT by the author in 1958, and its growth over the past three and one-half decades are briefly chronicled. A major emphasis is placed on the work with graduate students and postdoctoral researchers who were educated in the field and in turn further contributed to the training of others. An attempt is made at the construction of a genealogy encompassing -7 to + 2 generations (the author representing 0). (1 Am Sac Mass Spectrom 1994, 5, 332-338) T he Special Editors of this issue have asked me to contribute a brief account of the origin and early development of the mass spectrometry group ln the department of chemistry at the Massachusetts Institute of Technology (MIT). Many who are currently active in the field were members of that group at one time or another. It is a pleasure to accommodate this request, particularly as it provides an opportunity to recognize the many individuals who contributed to this laboratory's important earlier endeavors.
The phrase "to be ln the right place at the right time" is appropriate for more than one instance that led to the origin and growth of the "MIT Mass Spectrometry School." The first of these was the author's attendance at a Conference on Food Flavors, held in Chicago in late 1956. Trained in synthetic organic chemistry (with H. Bretschneider at the University of Innsbruck, Austria) and later working on the synthesis and structure of natural products as a postdoc with George Biichi at MIT, I had no (scientific) interest in food flavors. However, Firmenich & Cie. (Geneva, Switzerland), who supported my work with Biichi, wanted a report covering this conference and I was happy to go to Chicago (my first airplane trip!) and take notes during the lectures.
One of these talks was by W. H. Stahl, from the U.S. Quartermaster Research and Engineering Center (in nearby Natick, Massachusetts!), who described the use of a mass spectrometer (a fancy instrument I had never heard of) to identify fruit flavor components, such as ethyl butyrate and butyl acetate, by comparing their mass spectra with data published in the collection of the American Petroleum Institute (API). At that time, I, like everyone else in organic chemistry, routinely used infrared and ultraviolet spectra for checking products of syntheses or structures of natural products, and it occurred to me that mass spectrometry might be useful for the same purpose. Thus, after sending off my report to Firmenich, I began to look into the literature for papers describing the use of mass spectrometry with organic compounds. Most of the publications dealt with the qualitative and quantitative analysis of complex hydrocarbons, an application that had made the commercial production of mass spectrometers economically attractive. The Consolidated Electrodynamics Corporation's (CEC, Pasadena, CA) models 21-101 through 103 dominated the market from the 1940s to the 1960s. However, there were publications that dealt with the correlation of the mass spectra of small heteroatom-containing compounds with their known structure in an effort to develop "fragmentation rules." For example, to name a few, there were papers on aliphatic amines by Collin [l], lactones by Friedman 121, alcohols and ketones by Friedel. [3] and Sharkey [4] , and a brief review by McLafferty [5] . The then beginning pioneering studies of Ryhage and Stenhagen [6] on longchain fatty acids utilizing a similar mass spectrometer designed and built by Ryhage [7] were not yet known.
The Beginnings
About that time, A. C. Cope, the Head of the Department of Chemistry at MIT and one of the most prominent organic chemists of his day in the country, decided that because, in his mind, organic chemistry comprised 80% of all chemistry, it should also be represented in the analytical division of the department. Having taught a course in qualitative, organic analysis at the University of Innsbruck prior to coming to MIT and as I was already there fright time, right place), I was appointed as of September 1, 1957, to the position of Instructor, then the first step of the academic ladder.
I now faced the dilemma that I could not base a research career in an analytical chemistry setting on what I had done previously, which was mainly organic synthesis and the determination of the structure of natural products in the conventional sense. However, it did not take long to realize that I could rearrange these fields around mass spectrometry, which would be a legitimate analytical centerpiece. The fact that I had no practical experience was an advantage, as it did not deter me, contrary to contemporary wisdom, from planning to put comparatively large and polar molecules, such as alkaloids and derivatives of amino acids and peptides, into the mass spectrometer.
The only obstacle was the lack of an instrument, which would cost $50,000~60,000 and vastly exceeded the price of other commercial instrumentation that chemists used at the time. When I asked Cope why we did not have a mass spectrometer, he replied that it would take a full-time electrical engineer to keep it running. After some persuading to the contrary, he said "OK, I will find the money for the instrument, if you promise that it wiIl not collect duet." History shows that we both kept our promises.
In the meantime, I had maintained contact with Max Stall, Scientific Director of Firmenich & Cie. in Geneva, regarding their interest in applying mass spectrometry to flavor and fragrances research. As a consequence, this company supported the purchase of the CEC Zl-103C mass spectrometer with a gift of $10,000. In addition, Firmenich agreed to provide funds for a postdoctoral position for someone to work with me on my research projects and also measure the mass spectra of some compounds to evaluate the utility of this method in their work.
This was an important event because, by myself, I could not fully utilize the instrument, interpret the data, carry out the chemistry that needed to be done, and still fulfill my departmental duties in the analytical course cycle. Needless-to-say, the chance for an instructor working in an unknown field to get good graduate students right away was nil. Fortunately, I had kept in contact with the members of H. Bretschneider's research laboratory in Innsbruck, Therefore, I knew that Josef (Sepp) Seibl, who had worked with me in the same room in the chemistry building, was not happy with his job at a small Austrian company and that Fritz Gapp, who had been a graduate student when I left for MIT, had just obtained his Ph.D. degree and was looking for a position in the Austrian or German pharmaceutical industry. Since the instrument was scheduled to be installed in early May 1958, time was of the essence. In a flurry of correspondence, 1 offered the position to both, giving Seibl the preference. When he accepted, I had to send Fritz Gapp a "sorry, no" letter but a few days later I received word that my first National Institutes of Health @IIll) grant application had been approved, including funds for a postdoc. A telegram to Fritz (no fax machines in those days!) offered him that position, which he accepted at once. Sepp Seibl arrived at MlT the day the installation of the instrument began (May 7,19581 and Fritz Gapp came soon thereafter. During the first week of Juoe, I attended my first E-14 meeting (now the American Society for Mass Spectrometry Conference) and, to date, I have only missed one of them. Seibl and Gapp began the string of postdocs from Innsbruck, the first six on the list (Figure 1 ) and later Willi and Ute Richter, and finally Heinz Nau.
With two full-time, enthusiastic co-workers, things got off to a quick start. My interest in peptide sequencing predated the involvement with mass spectrometty. The last paper I had published with H. Bretschneider [8] reported the synthesis of 1,2,4-triazoles involving a carboxylic acid hydrazide as one of the reactants. While developing the NM proposal to use this reaction to mark the carboxyl end of a peptide obtained by partial hydrazinolysis of a protein to complement Sanger's 191 labeling of the amino terminal by reaction with dinitrofluorobenzene, I had become familiar with the problems in amino acid sequencing. From my training in organic chemistry, I was, of course, also acquainted with Karrer's [lo] use of LiAlH, for, amongst other applications, the preparative reduction of amido groups to amines in derivatives of di-and tripeptides. As mentioned earlier, this grant was approved but I changed the approach proposed instead to the microscale reduction of the polyamide backbone of peptides to polyamino alcohols, which were sufficiently volatile to be introduced into the somewhat modified inlet system of the CEC 21-103. This work, describing the potential for peptide sequencing, was reported in our first publication 1111 in the field of mass spectrometry.
Over the next two decades this methodology was improved and refined, first by Walter Vetter, then by Hans Wrster, James Kelly, and Heinz Nau, and finally applied to the sequencing of the proteins monellin [ 121 (with Gail Hudson) and bacteriorhodopsin [13] (with Robert Anderegg and Walter Herlihy, in collaboration with H. Gobind Khorana's research group). Soon thereafter, the invention of fast-atom bombardment (FAB) ionization [ 141 rendered the elaborate chemical derivatization of peptides obsolete and we switched to FAB, and later extended it to. tandem mass spectrometry 1151. This work, exceeding three decades, was acknowledged by the Pehr Edman Award that was received in 1992. Also honored at the same time was Donald F. Hunt, whose career in mass spectrometry had begun in my laboratory a quarter of a century earlier.
With Seibl and Gapp fully occupied with amino acids and peptides, I had to carry out the early work in the structure determination of indole alkaloids by myself. Towards the end of my postdoc period with Biichi, I was to determine the structure of sarpagine. that complete high-resolution mass spectra (i.e., elemental composition data) could be obtained from alkaloids eluting from a gas chromatography column coupled to the mass spectrometer.
This set of four consecutive presentations generated a flurry of activity by other manufacturers to match this performance by using various computer-based recording techniques, the forefathers of today's data systems.
Federal Grant Support
The purchase of the CEC 21-110 mass spectrometer had been jointly funded by the National Science Foundation and NIH. By the early 196Os, the latter agency had established a new funding category, the "Training Grants," which were awarded to Principal Investigators to train graduate and postdoctoral students in areas the age&y thought to be new and important. Fortunately, NIH placed high-resolution mass spectrometry in this category and asked me to apply. Upon indicating the need for an additional instrument and my own computer, it was pointed out that the datagenerating capacity of that equipment and manpower would exceed the needs of my own research projects, as well as the funding usually provided by training grants. But there was yet another new category, termed "Research Facilities," for the purpose of making novel but expertiseand capital-intensive methodologies available to the "biomedical community." Thus, NIH suggested that I also apply for one of these grants. Clearly, the, early 1960s was the time when NIH support was on a steeply rising incline, another instance of being in the right place at the right time. With the decline of federal funding for basic re search, which hit junior people particularly hard, and the end of university faculty expansion, academic positions were more difficult to come by, not the least because of the also increasing capital cost of highperformance mass spectrometers. Fortunately, the adGent of novel ionizagon methods and the con&g-of-age of the biotechnology industry opened up a new source of challenging employment opportunities. As a consequence, a good portion of graduate students and postdots took up leading positions in this research-minded industry. The first was Walter Herlihy, who joined the Repligen Corp. in its formative state and soon became its vice-president of research.
The "Family Tree"
Having discussed the development of my own research group, it is worthwhile to look back at our academic ancestry (Figure 1 ). This idea was initiated years ago by the request of William T. Cooper at Florida State (a student of John Hayes), whose department wanted to establish the academic ancestry of their faculty. It was relatively easy to go back a few steps based on my own memory and with the help of colleagues in Austria, as long as there was a documented, conventional mentor-student relationship. But before the 185Os, this relationship was not as straightforward as it is today, because then it was more of an apprenticeship. Thus, while Hlasiwetz was quite clearly a pupil of Redtenbacher, the latter's relationship to von Liebig is more diffuse. Having obtained an M.D. under Mohs in botany, which in Vienna at that time was combined with chemistry, Redtenbacher was appointed professor of chemistry at the University of Prague (then part of the Austrian-Hungarian Empire under Leopold II). He had felt the need to learn more about chemistry and joined von Liebig's laboratory in Giessen. Interestingly enough, the only but very extensive paper they published together [24] concerned the "exact" atomic weight of carbon by combustion of silver 'acetate. The result of 75.854 seems to be quite different from the present value (12.011), but is fairly accurate considering that the atomic weight of hydrogen was thought to be about 6.24 at that time. Unfortunately, unlike their descendants 120 years later, von Liebig and Redtenbacher did not have access to a mass spectrometer. According to Ernest Campaigne, Professor Emeritus in Chemistry at Indiana University, von Liebig in turn goes back to Lavoisier via Gay-Lussac and Berthollet. Figure 1 is an attempt to put the "Family Tree" together, listing the entire first generation of students and postdocs, etc., with a numerical indication for those of the second generation. To extend further downward becomes more and more difficult for me but I hope that this article will encourage those who studied with and/or were trained by those listed in the first and third columns of Figure 1 to let me know their relationship. Since my graduate students are my (and therefore von Liebig's or even Lavoisier's) descendants, their students are part of this genealogy, regardless of whether they are mass spectrometrists or not. For example, W. T. Cooper, a student of John Hayes, Distinguished Professor of Biogeochemistry at Indiana University, already has his own crop of graduate students who, therefore, represent the third generation. On the other hand, postdoctoral associates have their own academic lineage but may be included in the MIT School of Mass Spectrometry. For their students and postdoctoral or other associates, only those trained in mass spectrometry and with continuous substantial activity in this field should be counted. To use John Hayes again as an example, only those 21 of his total of 36 postdoctoral associates whom he trained in mass spectromehy, rather than other areas of biogeochemistry, are considered members of the extended MlT School. In Figure 1 , this distinction is made by listing the number of students first, followed by the number of other associates trained in mass spectrometry, separated by a slash. At last count, I had (or have) 54 students. They in turn had 180 students, for a total of 234 (counting only the first and second generations) who thus go back to von Liebig.
The 83 postdoctoral associates, visiting scientists (more than three months), and those technical assistants who pursued a permanent career in mass spectrometry (Figure 1 ) trained a total of 231 graduate students and 98 postdoctoral associates, etc., in mass spectrometry, while my own graduate students trained 289 in the latter category. Thus, at present, the MIT School of Mass Spectrometry numbers 937 members, not including third and further generations which would put it well over one thousand. Of course, there are a few duplications, as some of my postdoctoral associates (e.g., Mathews, Pang, Kassel, Annan, and Ghosh) were Ph.D. students of my own graduate students (Murphy, McCloskey, Watson, Vouros, and Anderegg), but their number is probably compensated by inadvertent omissions in the second generation.
Finally, it is noteworthy that a number of my students and associates have been active in various elective positions of the American Society for Mass Spectrometry. Three of these (McCloskey, Hites, and Murphy) then served as Presidents of the Society. Under the leadership of one of them (R. A. H.) this Journal was established.
Conclusion
This account reveals some of the ingredients important for the success of an academic career: (1) the advantage of entering a new, largely unexplored field, which in this case was triggered by hearing (accidentally) about mass spectrometry from the lecture of W. H. Stahl, and combining that information with one's own, quite different scientific background; (2) not to be deterred by difficulties that may be preconceived by 
